Life-cycle studies of the currently dominant transport biofuels (bioethanol made from starch or sugar and biodiesel made from vegetable oil) show that solar energy conversion efficiency is relatively poor if compared with solar cells and that such biofuels tend to do worse than conventional fossil transport fuels as to the emission of eutrophying and acidifying substances. Lifecycle studies of biofuels show diverging results regarding cumulative fossil-fuel demand and the emission of greenhouse gases. If properly done and when allocation is on the basis of prices, cumulative fossil-fuel demand is relatively high for ethanol currently produced from European grain or US maize and relatively low for palm oil or ethanol from sugarcane. The 'seed-to-wheel' emissions of greenhouse-gases associated with current transport biofuels are often higher than the corresponding life-cycle emissions of conventional fossil fuels. Transport biofuels vary much in their life-cycle emissions of substances that are ecotoxic or contribute to oxidizing smog.
Introduction
There is a rapid growth in the production and use of transport biofuels [1] [2] [3] [4] [5] [6] . The market for such fuels is currently dominated by bioethanol, produced from starch or sugar, and biodiesel, produced from vegetable oils. Sugarcane, sugarbeet, cassava, corn (maize) and wheat are the most important crops used for bioethanol production, whereas rapeseed (canola), soybean and oil palm are the most important feedstocks for biodiesel [1] [2] [3] [4] [5] [6] .
'Second-generation' biofuels such as lignocellulosic ethanol and algal biodiesel are not expected to offer a large-scale alternative to current biofuels before 2020 [6, 7] .
Life-cycle assessments have been conducted to investigate how well the biofuels that currently dominate the transport biofuel market do with respect to current fossil fuels (gasoline, diesel) and other technologies for converting solar energy into traction. Life-cycle assessments consider the biofuels 'seed-to-wheel', though there are in practice also assessments that consider a part of the complete life cycle (for instance 'seed-to-factory-gate' or 'seed-to-tank'). The life-cycle assessments that have been carried out cover a variety of environmentally relevant aspects of biofuels, such as solar energy conversion efficiency, cumulative energy and fossil-fuel demand, (net) emission of greenhouse gases, and emissions that may contribute to eutrophication, acidification, oxidizing smog and ecotoxicity.
The life-cycle assessments published so far agree about the following:
The efficiency in the conversion of solar energy into traction is for biofuels much less than for technologies which allow for the physical conversion of solar energy into traction (such as the combination of solar cells and batteries). The latter may outperform the in this respect most efficient current transport biofuel (bioethanol from sugarcane) by about two orders of magnitude [8, 9] . Transport biofuels often do worse than conventional fossil fuels in the emission of compounds that contribute to acidification and eutrophication [10] [11] [12] [13] [14] .
Current biofuels vary much in the emissions of ecotoxic compounds and of compounds that may contribute to oxidizing smog. Regarding life-cycle emissions that may contribute to oxidizing smog, ethanol from sugarcane and biodiesel from palm oil tend to do worse than conventional fossil transport fuels, whereas biodiesel from canola or soyabean and bioethanol from wheat or maize do better [10] . Most biofuels give rise to life-cycle emissions of lower ecotoxicity than conventional fossil fuels, but the opposite holds for biodiesel made from Malaysian palm oil or Brazilian soyabean oil [10] .
The life-cycle studies performed so far give for specific biofuels different assessments about two other environmentally relevant aspects of transport biofuel life cycles: cumulative fossil energy demand and greenhousegas emissions. The overall divergence between assessments of 'seed-to-wheel' or 'seed-to-tank' greenhouse-gas emissions for specific transport biofuels is large. Whereas one paper concludes that a transport biofuel is in this respect better than its fossil-fuel-based competitor, another one concludes that the same biofuel is much worse (e.g. [15] versus [16] ). This is a problem because whether a biofuel actually is better or worse than a competing fossil fuel regarding the emission of greenhouse gases has considerable importance for decision making about the best way forward in limiting climate change. There are also differences in estimates of the cumulative fossil-fuel demand of transport biofuels (e.g. [15] versus [17] ), though divergence tends to be smaller than in the case of net greenhouse-gas emissions. Estimates of cumulative fossil-fuel inputs are also of interest, as they are a major determinant of the potential of biofuels to displace fossil fuels, which may be important for energy security. The potential to displace fossil fuels may be expressed as net energy yield per hectare, which is obtained by subtracting the cumulative fossil-fuel input from the biofuel yield per hectare (e.g. [9] ).
In the following, this review takes a look at the origins of divergence in estimates regarding the life-cycle emission of greenhouse gases and cumulative fossil-fuel input. It turns out that for a number of the causes for current divergence it may be possible to decide that one way of doing the life-cycle assessment is better than another, but there are also cases in which this is not, or not yet, possible. To the extent that the best way of doing lifecycle assessment can be established, this review will consider the consequences thereof.
The paper is organized as follows.
The following section will consider the reasons why life-cycle assessments of transport biofuels may disagree about greenhouse-gas emissions and cumulative fossil-fuel inputs. The next section will discuss preferred ways for doing life-cycle assessment. The section thereafter will look at the comparison of conventional fossil fuels and current transport biofuels regarding life-cycle greenhouse-gas emissions on the basis of proper life-cycle assessment. The next section will consider estimates of cumulative fossil-fuel demand and the net energy yield per hectare of current transport biofuels. The section thereafter will briefly focus on the divergence between cumulative fossil-fuel demand and life-cycle greenhouse-gas emissions. The final section will summarize the main conclusions from this review.
Why Do Life-cycle Assessments of Transport Biofuel Life Cycles Disagree about Greenhouse-gas Emissions and Cumulative Fossil-fuel Inputs?
There are several reasons why life-cycle assessments may disagree about (net) greenhouse-gas emissions and cumulative fossil-fuel inputs. Some of these reasons are common to both, whereas others relate specifically to greenhouse-gas emissions.
Two reasons for divergence relate to both cumulative fossil-fuel demand and greenhouse-gas emissions. These are: (1) allocation and (2) the scope of the assessment and the estimates of emissions and fossil-fuel inputs used.
Allocation
Often a biofuel is not the only product derived from a crop: there are also co-products. For instance, in producing bioethanol from wheat, common co-products are glycerol and dried distillers' grains [14, 15, 17] . The latter may, for example, serve as animal feed. In producing biodiesel from rapeseed, rapeseed cake (which may serve as animal feed) and glycerol emerge as co-products [10, 13] . The matter then arises: how to allocate greenhouse-gas emissions to the biofuel and the co-products. In practice, this can be done based on prices, based on a physical category (such as weight or energy) and on the basis of substitution. In the latter case the environmental burden of a co-product is established on the basis of another, similar, product. Different allocations may lead to different outcomes from the life-cycle assessment [18] [19] [20] . Occasionally there is disagreement about the question whether there should be allocation to a specific co-product at all [21] .
The Scope of the Assessment and the Estimates of Emissions and Fossil-fuel Inputs Used
Assessments may vary in scope and regarding emission data used in life-cycle estimates. For instance, whereas some studies consider only operational inputs in biofuel production, others also consider inputs in creating infrastructure (machines, factory buildings, roads). Emissions and fossil fuel use may vary considerably between sources such as factories and trucks, and choices have to be made about the way to deal with such variety. Moreover, emission data may be missing, and in such cases, estimates have to be made based on extrapolation.
An important reason for divergent estimates of lifecycle greenhouse-gas emissions is the kinds of emissions considered in life-cycle assessment.
In principle, there are three important determinants of (net) greenhouse-gas emissions linked to the life cycles of transport biofuels. They are:
carbonaceous greenhouse-gas emissions linked to the cumulative demand for fossil fuels. N 2 O emissions linked to fixed N-inputs (e.g. ammoniabased fertilizer) in, and non-product fixed N outputs (e.g. NO x emissions) of, the biofuel life cycle. The importance of N 2 O is linked to its relatively large greenhouse effect. On a molecule for molecule basis, N 2 O is about 296 times as potent as CO 2 , using a 100 year time horizon [22, 23] . (Net) biogenic carbonaceous greenhouse-gas emissions following from changes in C sequestration (in ecosystems) linked to the biofuel life cycle. These include changes in C sequestration owing to direct effects of cultivating biofuel feedstocks (e.g. loss of soil C through tillage or burning of natural vegetation during clearance for biofuel cultivation). They also include changes in C sequestration as a result of indirect effects that imply changes in land use. The indirect effects follow from the relative inelasticity of demand for food and fodder [3, 16] . For instance, use of corn for biofuel production leads to extra cultivation of corn or a similar starch crop elsewhere because the demand for such crops is not much reduced when corn is diverted to bioethanol production [16] .
Cumulative demand for fossil fuels and associated CO 2 emissions is usually included in life-cycle assessment, though there are some instances (e.g. regarding algal biofuels [9, [24] [25] [26] [27] [28] ) where this is not the case. Non-CO 2 -carbonaceous emissions linked to cumulative fossil-fuel demand are often not included in life-cycle assessment. N 2 O emissions linked to the biofuel life cycle are not always included, and when they are included, off-field emissions are rather often neglected. When N 2 O emissions are included, there is much uncertainty regarding quantitative aspects [22, 23, 29] . Such uncertainty is so far rarely reflected in actual assessments.
Net biogenic emissions of carbonaceous greenhouse gases are, in practice, so far often not included in life-cycle assessments of transport biofuels. This may lead to underand overestimation of net greenhouse-gas emissions. For instance, when abandoned agricultural land that is currently Imperata grassland is planted with oil palms, it is likely that there is net sequestration of C in the plantation ecosystem, when compared with Imperata grassland. Not taking this carbon sequestration into account will lead to an overestimate of life-cycle greenhouse-gas emissions [30] . On the other hand, when rainforest is cleared to make way for an oil palm plantation, there is a net loss of C from the ecosystem. When clearance is done by burning, compounds such as carbon monoxide and hydrocarbons that originate from such fires have a larger greenhouse effect than CO 2 [29] . Not taking account of C losses through the clearance of rainforest and the nature of carbonaceous gases originating in clearance by fire leads to an underestimate of life-cycle greenhouse-gas emissions [29, 31, 32] . In practice, the handling of net biogenic greenhouse-gas emissions often has a major impact on outcomes of life-cycle assessments. Assessments of greenhouse-gas emissions linked to transport biofuels such as rapeseed-based biodiesel and starchbased-bioethanol, when compared with conventional diesel and gasoline, tend to be favourable to the biofuels when changes in C sequestration of (agro)ecosystems are left out (e.g. [10, 33] ). The opposite tends to be the case when such changes are included and land use change implies deforestation (e.g. [7, 16, 19, 29, 34] ).
Preferred Ways for Doing Life-cycle Assessment
Some of the causes of disagreements between life-cycle assessments cannot be or are not yet eliminated.
The first is regarding allocation. As pointed out in the previous section, there are three different ways to allocate. The first is based on prices of the co-products. The idea behind this type of allocation is that prices drive production [35] . However, this mode of allocation has problems. Prices are not constant. For instance, the price of one of the co-products of transport biofuel production glycerol decreased by a factor of 10 between 2004 and 2006 [36] . As a result of this decrease in price, the greenhouse-gas emissions allocated to biodiesel and bioethanol increased considerably. A second problem with this way of allocation is that biofuel production is often not driven by price but by government policy [6] , which is at variance with the rationale given for allocation on the basis of price [35] . The second way to allocate is on a physical basis, e.g. energy. In this case, there are curious consequences too. For instance, in this case it is possible to lower the greenhouse-gas emission linked to a biofuel strongly by producing large amounts of a low-value co-product. The third way to allocate is based on substitution. For instance, Kim and Dale [15] have argued that dried distillers' grains (a co-product of bioethanol production) may be a substitute for soybean meal in cattle feed, and used the environmental burden of soybean meal to establish the environmental burden of dried distillers' grains. However, soybean meal may also be used in other applications, such as for instance the production of proteases and peptones, and such other applications may have environmental burdens that are different from the application in cattle feed. Moreover, soybean meal is also a co-product (of soybean oil), and this suggests that replacement of the environmental burden of dried distillers' grains by the environmental burden of soybean meal plugs one hole with another. As it stands, the different modes of allocation have their strong and their weak points, and it is not clear that one way is definitely superior. So, it would seem that we will have to live with divergences in outcomes of life-cycle assessments linked to different modes of allocation, and this will mean that substantial differences in the outcomes of assessments may remain. This makes it all the more important to clearly state which type of allocation has been used in arriving at the outcomes of life-cycle assessment.
Another reason for divergence in life-cycle assessment of greenhouse-gas emissions is linked to the differences in dealing with N 2 O emissions. The estimation of such emissions is the subject of a lively debate [22, 23, 29] . Moreover, there may be large differences, dependent on local conditions. Information about the actual emissions of N 2 O from soils relevant to the life cycles of biofuels is as yet largely lacking. So this is a potential source of divergent estimates of life-cycle emissions that as yet can not be eliminated. Thus, currently in the absence of direct measurements it may be best to use a rather wide range of 1.5-5% for the conversion of fixed N linked to the biofuel life cycle into N 2 O [29] . Such a wide range leads to substantial uncertainty in the outcome of life-cycle assessments. For instance, in a study about greenhouse-gas emissions linked to the life cycle of biodiesel from Brazilian soybeans, the uncertainty in the overall estimates of greenhouse-gas emissions was +10-30%, mainly the result of uncertainty in N 2 O emission [29] .
Regarding the coverage of greenhouse gases, there is a clear preference: it should be as complete as possible. Fossil-fuel-linked carbonaceous greenhouse-gas emissions, N 2 O and net biogenic carbonaceous emissions linked to changes in C sequestration should preferentially all be covered. In the last-named case, the indirect effects of expanding transport biofuel production caused by the relative inelasticity of demand for food and fodder should also be included. As yet, there are very few life-cycle assessments that provide for such a comprehensive coverage. Differences in the coverage of the biogenic carbonaceous greenhouse gases are probably the major cause of divergence between life-cycle assessments of greenhouse-gas emissions linked to the life cycles of specific biofuels [7, 8, 16, 31, 32] . Also it may be noted that there is considerable uncertainty about the actual impact of growing feedstocks for biofuel production on biogenic C stocks. Estimates from different authors for the same biofuel suggest that the impact of this uncertainty on overall lifecycle greenhouse-gas emissions may well be in the order of +20-40% [31, 32] .
Additionally, divergence may be linked to estimates that have to be made about the period over which initial changes in C sequestration are to be distributed. The Intergovernmental Panel on Climate Change (IPCC) has proposed a 20-year time span for such a distribution [37] , but other time spans (down to 10 years and up to 100 years) are also current [29, 38] . Such differences in distribution have a large impact on estimates of life-cycle emissions of greenhouse gases. Using 10 or 25 years for the distribution of CO 2 emission caused by land use change has been reported to lead to a difference of about a factor of 2 in estimates of greenhouse-gas emissions linked to the life cycle of biodiesel from Brazilian soybeans [29] . And using 100 years instead of 25 for distributing the CO 2 emission associated with land use change for palm oil biodiesel may lead to a reduction in estimated life-cycle greenhouse-gas emissions by about a factor of 3 [38] .
An alternative way to account for land use change is to express the impact of land use change on C stocks in term of 'carbon debt', which can be 'paid back' over a number of years by, when compared with fossil fuels, net lower 'seed-to-wheel' greenhouse-gas emissions linked to biofuels from cultivated crops [31, 32] .
Unfortunately, in the absence of data about the time that arable land converted to biofuel production actually remains in use, it is not possible to decide on a preferable time span for the distribution of carbonaceous emissions associated with land use change.
As to fossil-fuel inputs in the biofuel life cycle, coverage of the complete life cycle and of both operational inputs and infrastructure is to be preferred. This is necessary to properly establish cumulative fossil-fuel demand of biofuels. However, it would seem that most of the difference in fossil-fuel inputs between transport biofuels and fossil fuels can be explained by the life cycle ending at the factories that produce those fuels. Also when comparisons are made between fossil fuels and biofuels, it would seem that the major differences in fossil-fuel inputs are linked to differences in operational inputs.
Greenhouse-gas Emissions of Biofuels and Conventional Fossil Fuels
When the coverage of greenhouse gases is comprehensive, as is according to the previous section to be preferred, current biofuels do not do very well when compared with fossil fuels, whatever the allocation used. This conclusion can be based on a number of studies with different assumptions about inputs and allocation, while taking account of uncertainty, and backed up by sensitivity analyses [7, 16, 29, 31, 32, 38] . In most cases, the 'seedto-wheel' or 'seed-to-tank' emission of greenhouse gases linked to current biofuels is larger than the corresponding http://www.cababstractsplus.org/cabreviews 'well-to-wheel' or 'well-to-tank' emission associated with current conventional transport fuels.
In this respect, the best among current biofuels would seem to be bioethanol from Brazilian sugarcane, if the direct and indirect effects of sugarcane cropping on land use do lead to clearing of Cerrado, a savannah [31] . In this case, the life-cycle greenhouse-gas emissions of the biofuel are somewhat lower than those of conventional gasoline, when the impact of land use change is distributed over a 20-year period as recommended by the IPCC [37] . This would not be the case when sugarcane cropping leads to clearance of rainforest. In the latter case, ethanol from sugarcane would do worse than gasoline [7] . Biofuels such as rapeseed-based biodiesel and wheat-or sugar-beetbased bioethanol, the main biofuels from European soils, do worse as to net greenhouse-gas emissions than conventional gasoline and diesel, whatever the allocation used [7, 8, 19, 29, 34] . The same holds for corn-based ethanol, the most important biofuel in the USA [16] . Biodiesel based on palm oil from plantations for which rain forests have been cleared does worse than conventional diesel for many decades when such plantations are on mineral soils and for many centuries when such plantations are on peat, whatever the allocation used [32] . It is doubtful whether technical changes will allow for a net benefit of current biofuels regarding greenhouse-gas emissions, when compared with diesel and gasoline, when, given direct or indirect effects on land use, tropical rainforest has to be cleared for this purpose and such clearance is to be discounted over a 20-year period [7, 34] . The same will hold when feedstocks for biofuels are cultivated on peat [8, 32] .
These conclusions are at variance with many of the estimates of life-cycle greenhouse-gas emissions of biofuels that have so far been published ( [4, [10] [11] [12] [13] [14] [15] [39] [40] [41] [42] [43] [44] [45] [46] , and for a review of many other studies, [33] ). The latter were often more optimistic about biofuel performance. The main reasons for such major differences in outcomes of life-cycle assessments seem to be that the latter studies do not include the impacts of biofuel production on carbon sequestration in ecosystems associated with land use change and land use and that N 2 O emissions are not or only partly included [7, 8, 16, 31, 32] .
Can feedstocks be grown for transport biofuels which will have much lower net greenhouse-gas emissions than conventional diesel and gasoline? Several authors have suggested that microalgal biofuels may outperform terrestrial biofuels in this respect [24, 25, 27, 28] . This, however, seems doubtful. When the algae are grown in ('closed') bioreactors, the energetic input is likely to be greater than the energetic output (algal biofuel) [47] . When microalgae are grown in open ponds, extreme conditions are necessary to adequately suppress grazers and unwanted competing algae. Such extreme conditions (e.g. high salt concentrations or pH) are not conducive to algal growth. Yields from commercial open ponds of Spirulina, a microalga that does relatively well in such ponds, have been reported to be 10-30 Mg dry weight algal biomass [48] . The upper end of this range is energetically roughly similar to the lowest estimate of fossilfuel input into growing microalgae in open ponds [49] . So, in view of fossil-fuel inputs, it is far from clear whether algal transport biofuels can have net life-cycle greenhousegas emissions that are significantly lower than those of conventional fossil fuels. Moreover, in establishing ponds one forgoes normal C sequestration at that location.
A significantly better performance regarding greenhouse-gas emissions is possible when biofuel cropping takes place on abandoned soils that currently have low C sequestration [16, 30, 34] . This, for instance, is the case for Imperata grasslands on abandoned agricultural soils and saline soils and mining areas that are being reclaimed [30] . As in such cases sequestration of C in the agroecosystem may be considerable, a much lower net emission of greenhouse gases than in the case of conventional fossil fuels is to be expected. However, to achieve this, one probably has to go beyond the market mechanism. For instance, in the case of palm oil, in Malaysia, planting oil palms on abandoned lands (such as Imperata grasslands) is currently rare, because abandoned land does not provide revenue from initial timber extraction (as in the case of rainforest clearance), entails relatively high establishment cost and possibly reduced yields [38] . Also, in general, the profitability of arable land, which currently sequesters little C, tends to be less than that of goodquality land [34, 50] .
Cumulative Fossil-Fuel Demand and Net Energy Yields of Biofuels
Most studies agree that the 'seed-to-wheel' cumulative demand for fossil fuels associated with transport biofuels from terrestrial plants is lower than the 'well-to-wheel' demand of (an energetically equivalent amount of) fossil transport fuels [4, 10-15, 33, 39-46,51] . However, Patzek and Pimentel [17, 21, 52, 53] have presented calculations for cornstarch-derived ethanol and soyabean and sunflower-derived biodiesel, which suggest a higher cumulative fossil-fuel demand for biofuels than for fossil fuels. The difference in outcome from other studies is partly caused by differences in allocation, partly by higher estimates of fossil-fuel input in specified yields from agriculture and in industrial processing, and partly by factoring in the energy demand of the infrastructure needed for transport biofuel production (factories, vehicles, etc.) into the calculations.
However, also with assumptions that would seem to be more in line with actual current yields and energy efficiencies relevant to the production of biofuels, it would appear that in Western industrialized countries, the cumulative fossil energy demand for transport biofuels made from starch, sugar and edible oils may be quite high, when allocation is on the basis of prices. For ethanol from US corn or European wheat or rye, it would seem unlikely http://www.cababstractsplus.org/cabreviews that, when allocated on this basis, the 'seed-to-wheel' cumulative fossil energy demand would be much lower than 80% of the energy content of ethanol [8, 10, 33, 46, 54] . In the case of biodiesel from rapeseed and soyabean, qualitatively good estimates suggest that, when allocated on the basis of prices, the cumulative energy demand may well be in the order of 60-80% of the energy content of biodiesel [10] .
Cumulative fossil energy demand for transport biofuels may be considerably lower when biofuels are based on high-yielding crops from developing countries, such as oil palm and sugar cane, especially when lignocellulosic biomass is used for powering processing facilities [4, 55] . When the latter applies, for instance the cumulative fossilfuel demand for producing bioethanol from sugar cane may energetically be lower than 10% of the bioethanol output [4] . When allocation is based on the energy content or weight of outputs, cumulative fossil energy demand allocated to transport biofuels will tend to be lower than in the case of allocation based on prices.
Net energy yields per hectare from biofuels , which are a measure of the potential to displace fossil fuels, may be calculated by subtracting the lower heating value of cumulative fossil-fuel input from the lower heating value of the biofuel produced from a hectare of land.
Data indicative of those net energy yields are given in table 1.
Divergence Between Cumulative Fossil-Fuel Demand and Greenhouse-Gas Emissions A remarkable conclusion that can be drawn from this review is that 'seed-to-wheel' greenhouse-gas emissions may be much at variance with cumulative fossil-fuel demand. As may be concluded from Table 1 , palm oil from plantations for which rainforest has been cleared or from peaty soils does relatively well among biofuels in its potential to displace fossil fuels, but as pointed out in the section 'Greenhouse-gas emissions of biofuels and conventional fossil fuels', it tends to do worse than fossil diesel oil in its emission of greenhouse gases. Ethanol currently produced from US corn or European wheat has a net energy yield (see Table 1 ), but does worse than fossil gasoline when all greenhouse-gas emissions are taken into account [14, 19, 34] . So, in displacing fossil fuels, palm oil and ethanol from corn and wheat may contribute to energy security, but are counterproductive in limiting climate change.
The divergence between fossil-fuel displacement and greenhouse-gas emissions is linked to the phenomenon that biofuel life cycles do also give rise to emissions of N 2 O and carbonaceous emissions linked to changes in ecosystem C. As pointed out before, the latter probably contribute most to the divergence between cumulative fossil-fuel demand and greenhouse-gas emissions [7, 8, 16, 29, 31, 32] .
Conclusion
Life-cycle studies of the currently dominant transport biofuels (bioethanol made from starch or sugar and biodiesel made from vegetable oil) show that solar energy conversion efficiency is relatively poor when compared with solar cells and that such biofuels tend to do worse than conventional fossil transport fuels regarding the emission of eutrophying and acidifying substances. Lifecycle studies of biofuels show diverging results regarding cumulative fossil-fuel demand and the emission of greenhouse gases. If properly done and when allocation is on the basis of prices, cumulative fossil-fuel demand is relatively high for ethanol currently produced from European grain or US corn and relatively low for palm oil or ethanol from sugar cane. The 'seed-to-wheel' emissions of greenhouse gases associated with current transport biofuels are often higher than the corresponding life-cycle emissions of conventional fossil fuels. Transport biofuels vary much in their life-cycle emissions of substances that are ecotoxic or contribute to oxidizing smog. 
